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(57) ABSTRACT 

The present invention provides a transp&rcnl subsiralt^ 
capable of improving the ligbt extraction efficiency of an 
organic clwlioluniinesoenice device, and an organic dcc- 
troluminedceoce device with high luminous ef&ciency aud 
with excellent mass productivity using th? subside. 

The present invention relates to a transparent substrate for an 
organic electroluminescence device characterized in lhat an 
optical interference film comprising at least one layer having 
such a refractive index and a film thickness as lo reduce a 
quantity of reflection of light emitted from a light-emitting 
layer i& provided on both sides of the transparent Substrate 
in the organic electroluminesoencc deviccp and to aa organic 
electroluminescence device comprising the traospaicnt sub- 
strate. 
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ORAGANIC ELECTROLUMINESCENE 
ELEMENT-USE TRANSPARENT SUBSTRATE AND 
ELEMENT 

TECHNICAL mW 

[0001] The presenL invention relalcs to a substraie for an 
orgaaic electrolumincsccDcc dcviccp and an Oiganic dec- 
troLumincsccDcc device using it. 

BACKGROUND ART 

[0002] The organic clcctroluniinesoence dftvices arc 
devices newly getting atlcnlion with recent increasing 
deifland for flat displays. Adevice configuraiioa proposed by 
Tans and Vanslykc is one consisting of an anode, a hole 
transporting layer, an electron transpordng light-emitting 
layer, and a cathode formed on a glass substrate (AppL Phys. 
Lett., 51, 913, 1987). Other known devices include a device 
achieving lightweight and fle^ble natutes by using a fihn 
substrate in place of the glass substrate (Semiconductor FPD 
World 2001, 6, 152), a device adopting a top emission 
scheme wherein the cathode in Ibe above device configura- 
tion is made of a iransparent material and a Transparent film 
is placed thereon, so as to extract light from ihc caiho4e side 
(Semiconductor FPD World 2001* 4, 136), and so on. The 
organic electroluminescence device^ have advantages over 
the liquid crystal devices cannnaaly used heretofore as flat 
panel displays. 

[0003] Namely, the advantages arc less viewing angle 
dependence by virtue of fsclf-cmiiling devices, low power 
consumption, and capability of formation of extremely Ihin 
devices. However, they still have many problems w be 
solved, in Order to be applied 10 flat displays. One of the 
problems is a short emiasioD lifetime of the device. A present 
solution to this is an improvemem in the material of the 
light-emitiing layer oul of the components of the device to 
achieve the lifetime of approximately len thousand hours, 
which is less than a satisfactory lifetime for application of 
ihia device to the flat displays. The reason is that if a stiU 
idflage is displayed over a long period of time on a flat 
display in application of the shon-Iifetime device, there 
occurs an image rclcniioa phenomenon in which the differ- 
ence in luminance between on pixels and off pixels is 
visually recognized as an after image. 

[0004] There are a lot of factors associated with the 
emission hfetinie, but it is known that the lifetime becomes 
sborler as a higher voltage is applied to the device in order 
Id enhance the luminance of emission. However, the lumi- 
nance of emission of the display using the organic electrolu- 
mioeacence device is not satisfied by application of a low 
voUagCp but on the contrary the luminance of emission has 
to be increased by applying a high voltage to the device, in 
order to secure visibility of the display oui^ors during the 
day. As described above, the organic electrolnmincscence 
devices faced with such a dilemma that the luminance of 
emission needed to be lowered in order lo lengthen the 

lifetime, whereas the lifetime became shorter with enhance- 
ment of visibility. 

[0005] In order to solve this problem, improvements have 
energetically been made heretofore in the material of the 
Hghl-emitling layer in the organic electroluminescence 
devices. Namely, attempts were made to develop the mate- 
rials of the light-emitting layer with high internal energy 



cfliciency, in order to achieve a high luminance of emission 
with application of a lower voltage. 

[0006] Qn the other hand, Thompson et al. teach that the 
external energy efficiency indicating The luminous efficiency 
of the organic electroluminescence device can be expressed 
by the product of the internal energy efficiency and light 
extraction efficiency of the device (Optics Letters 22, d, 396, 
1997). Namely, it is necessary to increase not only the 
internal energy efficiency but also the Light extraction cffi- 
oiecicy, in order to increase the Luminous efficiency of the 
organic electroluminescence device. 

[0007] The light extraction efficiency is a rate of light 
released from the front face of the transparent sutisirate of 
the device into the atmosphere to light emitted in the device. 
Namely, the light emiiicd in the light-emitting layer needs lo 
pa5S through interfaces between some media with different 
indices of refraction before released into the atmosphere, 
and, according to the Snell's law of refiraction, light incident 
at angles equal to or greater than the critical angle to each 
interface is totally reflected by the interface to propagate and 
di^ipdie in the layer or to be released through the side face 
of the layer, so that the light released from the jGfont face of 
the device is decreased by that degree. 

[0008] The foregoing Thompson et al. describe that the 
hght extraction e£Sciency of the organic electrolumines- 
cence device is about 0.175, which means that approxi* 
matfily 1S% of the light emitted in the hght-cmiiting layer is 
extracted to the outside of the device but ihc rest, about 82%, 
is confined in the device to dissipate or is released from the 
side face of the device. 

[0009] For this reason, a significant issue is lo increase the 
hghi extraction efficiency and a variety of attempts have 
been made heretofore. The devices disclosed so far include 
one in wtuch grain boundaries are formed in the transparent 
electrode or in the light-emitting layer so as to scatter visible 
light (JP-B-3-18320), one in which a glass substrate with 
one surface being roughened is used as a transparent sub- 
strate to scatter the light (JP-A-61-156691), and one in 
which a scattering region is provided in the vicinity of the 
interface between the electrode and the organic layer (JP- 
A-9- 129375), However, these attempts all involve a risk of 
making the thickness of each layer of the device uneven and 
it can be the cause to induce dielectric breakdown and 
unevcnnes& of emission of the device; therefore, those 
attempts were not sadsfecloiy in terms of mass productivity 
of the device. 

[0010] other devices disclosed heretofore include those in 
which an antircfleclion treatment such as an optical inter- 
ference film is provided between the transparent substrate 
and the light-emitting layer (JP-A-2-56892 and JP-A-3- 
297090). However, these demonstrate the cfieci in inorganic 
electroluminescence devices with large refractive indices, 
but, in the case of the organic electroluminescence devices 
with relatively smaU refractive indices, they fail to achieve 
satisfactory effect^ because the total reflection poses a sig- 
nificant issue not only oo the interface between the trans- 
parent substrate and the emitting-layer-side transparent elec- 
trode but also on the interface between the iransparcnl 
tiubstrate and the atmosphere. 

[0011] For that matter, the above inventions are aimed at 
preventing the ambient light torn passing through the 



10. JUL 2007 1 2:36 



NR. 8088 S. 6/17 



US 2004/0247875 Al Dec. 9, 2004 

2 



transparent substrate and being reflected by the mirror- 
finished electrode oq the back side of the device so as to 
defifade [he display quality of the device such as contrast^ 
and arc thus significantly different in selling of iht refractive 
index and thickness of the film in terms of extraction of light. 

[0012] Therefore, the problem of low light cxiractiOQ 
elEciency of the organic cleciroliiminescencc device still 
remains unsolved. 

[0013] The present inviendon has been accomplished on 
ihe b^is of the above-stated background and an object 
thereof Is to provide ft transparent substrate capable of 
achieving an improvement in ibe light extraction efficiency 
of the organic elearolnmincsccncc device and to provide an 
organic electroluminescence device with high luminous 
efiScicncy and with excellent mass productivity usi)Og the 
substrate. 

DISCLOSURE OF THE INVENTION 

[0014] The present invention provides a iran^areot aib- 
stf ate for an Organic eifidroluminescencc device having the 
following features, and ad organic electroluminescence 
devico using it. 

[0015] (1) A transparent substrate for an organic 
electroluminescence device, wherein an optical 
interference film comprising at least one layer having 
such a refractive index and a film thickness as to 
reduce a quantity of reflection of light emitted from 
a light-^mining layer is provided on both sides of the 
transparent srubstrate, 

[0016] (2) The transparent substrate according to the 
above (1), wherem the optical interference film has 
the refractive index of from 11 to 2-3 and the filra 
thickness of from 10 to 25,000 nm. 

[0017] (3) The transparent substrate according to the 
above (1) Of (2), wherein the optical interference film 
is a multilayer film comprising a high refractive 
index film and a low refractive index film, or a 
multilayer fihn comprising films of different thick- 
nesses. 

[001<t] (4) TTic iraosparcm substrate according to the 
above (l)p (2), or (3), wherein the optical interference 
film is one obtained by applying a sol-gel material of 
a metal oxide onto the transparent substrate and 
baking the material- 

[0019] (5) Ibe transparent substrate according to Ihe 
above (4), wherein the sol-gel material of the metal 
oxide is one resulting from polycondensaiion of a 
metal alkoxidc in an organic solvent in the presence 
of an acidic compound or a basic compound. 

[0020] (6) The iiaosparenl substrate according to the 
above (5), wherein the metal alkoxide is an alkox- 
ysilane of a tetraalkoxy compound of titanium, zir- 
conium, aluminum, or tantalum. 

[0021] (7) The transparent substrate according to any 
one of the above (1) to (6), whefein the optical 
interference film is one obtained by frjrming a film of 
a sol-gel material of a m«al oxide on both sides of 
the transparent substrate by a dip method and baking 
tbe film. 



[0022] (S) The transparent substrate according to any 
one of the above (1) to (7), wherein the transparent 
substrate is a silica glass^ a soda glass, or an organic 
fihn. 

[0023] (9) An organic electroluminescence device 
comprising the transparent substrate as defined in 
any one of the above (1) to (8). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a sectional view showing an application 
of the transparent substrate according to the present inven- 
tion to ihe organic electroluminescence device. 

[00(25] FIG« 2 is a sectional view showipg an itlustradon 
of internal confinement of light from the light-emitting layer 

in a case using a conventional transparent substrate. 

[0026] FIG* 5 is a sectional view showing an illustration 
of extraction from the front face of the substrate, of light 
from the light-emitting layer in a case using the transparent 
substrate according to the present invention. 

DESCRIPTION OF REFERENCE SYMBOLS 
[0027] 1. Transparent substrate 
[0028] 2. Transparent electrode 
[0029] 3. Oiganic layer having the light-emitting layer 
[0030] 4. Electrode 

[0091] 5. Light reflected on the interface between the 
tiansparent electrode and the transparent substrate and 
propagating in the device 

[0032] 6. Light reflected on the interface between the 
transparent substrate and tbe atmosphere and propagating in 
the device 

[0033] 7. Light not totally reflected on the interfaces, so as 
10 be extracted from the device 

[0034] Sa and Sb. Optical intfiiferencc layers according to 

the present invention 

[0035] 9. Transparent substrate for the organic electrolu- 
minescence device according to the present invention 

[0036] 10. Light extracted to the outside of the device by 
action of the optical interference layers according to the 

present invention 

[0037] 11. Light extracted to the outside of the device by 
action of the optical interference layers according to the 

present invention 

[0038] 9 J. Angle of total reflection on the interface 
between the transparent elecliode and the transparent sub- 
strate 

[0039] Oj. Angle of total reflection on the interface 
between the transparent substrate and the atmosphere 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0040} An example of the organic electroluminescence 
device using the transparent substfale of tht preseni inven- 
tion is shown in FIG^ 1- the device in the configujadon of 
FIG. 1 is normally fabricated by successively depositing a 
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traDsparcm electrode 2j an organic layer 3 including a 
lighl-eniitun^ layer, and an electrode 4 on a transparent 
substrate 9 according to the present invention. Since these 
deposited layers arc very thin, they may cause dielectric 
breakdown if the surface of the transparent substrate is 
rolAghT Therefore, the device -side surface of the transparent 
substrate 9 according to the pceseat invention needs to be 
smoothed well. 

[0041] The present invention is also applicabifi to the 
device coniClguration of the top emission scheme, and in this 
scheme the light-emitting device is formed on another 
substrate and thereafter combined with the transparent sub- 
strate 9 according to the present invention. 
[0042] In use of the transparent substrate 9 with the optical 
interference films according to the present invention, as to 
light which is emitted from the light-emitting layer 3 of the 
organic electroluminescence device and which is incident at 
an angle near the normal to the transparent substrate 9, 
interference occurs to reduce reflected light, because the 
phases of the reflected light and incident light on each fllm 
interface are reverse to each other, wtKreas transmitied light 
increases hy thai degree according lo ihe monaentum oon- 
servadon law of light On ibe interface. For this reason, il 
becomes feasible 10 extract a greater quantity of light from 
the front face of the transparent substraie. 
[0043] On the other hand, in a case using a conventional 
transparent substrate I without optical interference films as 
shown in F1G> 2, light 5 incident at angles equal to or greater 
than the critical angle 9^ to the transparem substrate 1 among 
the light generated by the light-emilting layer 3, is totally 
reflected. The totally reflected light is again totally reflected 
on anoiber electrode surface 4, &ad through repetitions of 
this process the light propagates in the device to dissipate. 
Even light incident at an^es below the critical angle into 
the iransparenL substrate 1 is again subject to reflection and 
refraction on the interface between the transparent substrate 
and tbe atmospheic, and light 6 iocident at angles equal to 
or greater than the critical angle 6^ is totally reflected and 
propagates in the transparent subsiraic Ip so as to result in 
failure in extracting the light from the front face of the 
substrate. 

[0044] In contrast, the use of the transparent substrate with 
the optical interference films 8 according to the present 
invention enables the extraction of some portion of the light 
from the front face of the transparent substrate ^ as shown in 
FIG, 3, even if the lighi is incident at angles equal to or 
greater than the critical angles 6i and from the light- 
emitting layer to the interfaces with the transparent sub- 
strate, though the principle still remains unclear at this stage. 
Accordinglyi the external luminous efficiency of the ordi- 
nary organic electroluminescence devices can be largely 
increased by merely using the transparent substrate accord- 
ing 10 the present invention and, in turn, it becomes feasible 
to Achieve both the satisfactory emission luminance and 
lifetime of the organk electroluminesceooe devices as 
described previously. 

[0045] Since the transparent substrate according to the 
prcwnt invention is of the structure with the optical inter- 
ference films on both sides, il has the advantage ihftt a 
coating method capable of producing a large- area substrate 
al low COST, such as a dip method, can be applied. 
[0046] The transparent substrate applied to the present 
invention is a transparent substrate such as a silica glass, a 



soda glass, or an organic film. The substrate may be one with 
a color filler or a black matrix on the surface thereof. An 
optical interference film coroiprtsing at least one layer having 
such a refractive index and thickness as to decrease ihe 
quantity of reflection of the light emitted from the light- 
emitting device is formed on both sides of ihi^ transparent 
substrate. For example, in a case where the optical interfer- 
ence films of single-layer structure art provided, their thick- 
ness and refractive index are set so as to minimize the 
reflectaace on the basis of the formula below. 

[0047] The transparent substrate is in contact with the 
transparem electrode while forming a fefiective interface, 
and conditions for zeroing reflection at a specific wavelength 
X with a monolayer film being placed on the interface are 
n-(n«Kn J^^^ and nKd-(>.4-4)xNp where d is the thickness of 
the orptical interfiBiencc fihrip n the refractive index ihereot 
the r&fracLive index of the transparent substrate, Ol the 
refractive index of the transparent ekcErode, and N an 
aibitrary natural number. In application to the antiieflcction 
flhn of tbe display, the reflection over the entire visible light 
region is takeia into considcratiDn, and thus X is normally set 
based on 520 nm being the center wavelength. In the present 
invention N is normally used in the range of 1 to 50. 

[0048] The above formulas indicate that it is necessary lo 
Satisfy ihe aoipUnidc condition that the refractive inde^ of 
ihe ^hn is a square root of the refractive index of the 
substrate and the phase condition that the optical thickness 
of the film is N times quartet of the cepter wavelength. For 
example, supposing the refractive index of the transparent 
substrate is 1.5 and the refractive index of the transparent 
electrode is 2.0, tbe refractive index of the monolayer lilm 
to be used shoukl be 1.73. In addition, supposing the center 
wavelength is set at 520 noi, oxd-lSO nm and the thickness 
of the monolayer film can be set to N times about 75 nm. As 
described, the optical interference films according to the 
present invention normally have the refractive index pref- 
erably in the range of 1.1 10 2.3 and particularly preferably 
in the range of 1.2 lo 1,9. The thickness of the films is 
normally preferably N tinges 10-500 nm and particularly 
preferably N limes 50-200 nm; normally, the thickness falls 
preferably in the range of 10 to 25,000 nm and particularly 
preferably io the range of 50 to 10^ nns. 

[0049] It is also possible to use multilayer films such as 
double-layer films, for the purpose of controlling the reflec- 
lion al a relatively low level in a wider wavelength range. 
There arc two preferred configurations of the double-layer 
films. One of ihem is a sequential stack of a high refractive 
index film and a low refractive index film, the difference 
between refractive indices of which is preferably 0.01-1.00 
and the ihickncsscs of which are set so as lo hold down the 
reflectances on the respective films. The other is a type in 
which the structure is the same but the thicknesses of the 
respective films are preferably N times quarter of the center 
wavelength and N limes half of the center wavelength. 

[0050] Furthermore, the optical inlcrferencc films may 
also be multilayer films composed of triple or more-layer 
films, for conlrolling the reflectance at a low level in a far 
wider wavelength range. A constituent material for the 
optical interference films according to ihe present invention 
can be any material out of organic monomolccular sub- 
stances, organic polymers, and inorganic metal oxides that 
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can achieve the appropriate refractive incJex and film thick- 
ness determined on the basis of the above formulas, and it 
preferable tg u$e a sol- gel material being a polycondensale 
of a metal alkoxidc. The sol-gcl material is obtained by 
polyoondcnsalion of ihc metal alkoxide in an Oiganic solvent 
in ihe presence of an acidic compound or s. basic compound. 

[0051] The acidic compound can be ooe selected, for 
example, from mineral acids such as nitric acid, hydrochlo- 
ric acid, and so on» and organic acids such as oxalic acid, 
acetic acid, and so on. The basic compound can be» for 
example, ammonia or ihe like. Specific examples of the 
above metal alkoxide include: 

[0052] tciraalkoxysilanes such as tetramethoxysilane, 
tctracLhoxysilanc, tclrapropoxysilane^ letrabuloxysi- 
lancp and so on, Irialkoxysilanos such as methylni- 
methoxysilane, mcthyltiiethoxysilanc, clbyltrimcthox' 
ysilane, elhyltrielhoxysilane, propyltrimcthoxysilanCp 
propyl trieihoxysilane, butylttimethoxyailane, bulyltri- 
clhoxysilane, penlyltrimettioxysilaiie, pentylirielhox- 
ysilanc, hcxyltriraeiboxysilane, hexyltriethoxysilane, 
hcplyllrimclhoxyHilane, heptyltriethoxysilane, octylLri- 
methoxysikne, octyltricthoxysiiane, stcaryllrimeihox- 
ysiUne, stearyltricthoxysilanc, vinylliimethoXyiAlane, 
vinyltriclhoxysilane, 3^hloiOpropyltrimethoxysilanc» 
3-chloioprapyltriethoxysilane, ^-hydroxypropyltri- 
methoxysilancp S-hydraxypEupyltrieihOXysilane, 3-gly- 
cidoxypropyltrimelhO)l!ytttlaM, S-glycidaxylriclhoxysi- 
lanc, 3-meihaC[yloxytriD(]iethoxysilanc, 
^-meihacryloxyiricthoxysilanc, phenylirimethoxysi- 
laoe, phenyltricLboxysilanCp trifluoropropylinmeibox- 
ysilane, tri^voroprppyltricihoxysilanc, and so on, and 
dialkoxysilaae^i such as dimeibyldimciiiDxysilanc, dim- 
ethyldielhoxysllanc, and i» on; tiiajoiura letraalkoxidc 
compounds such as lilanium letraethoxide, titanium 
tetrapfopoxide, titanium telrabvtoxide, and so on; zir- 
conium tetraalkoxidc compounds 8uch as zirconium 
leiraeiboxJde, zirconium ictrapropoxide, zirconium tct- 
rabuioxide, and so on; aluminum trialkoxide com- 
pounds such as aluminum tributoxidc, aluminum tri- 
isopropoxide, aluminum trielboxidc, and so on; barium 
diaUcoxide compounds such as barium diethoxidc and 
the like; tantalum pentaalkoxide compounds such a:^ 
tantalum pentapropoxidc, tantalum pentabutoxidCf and 
so on; cerium tetraalkoxidc compounds such as cerium 
tetramethoxide, cerium teirapropoxidc, and so on; 
yttrium Irialkoxide compounds such as ylirium tripro- 
poxide and the likci niobium pentaalkoxidc compounds 
such as niobium peniamethoxide, niobium pcntaclhox- 
ide, niobium pentabuloxidc, and so on; and cadmium 
dialkoxide compounds such as cadmium dimcthoxidc, 
cadmium diethoxidc^ and so on; and these can be used 
singly or in combination of two Of more compounds. 

[0OS3] Among the alkoxysilanes as described above, it is 
preferable to use the tetraalkoxysilancs such as leiramethox- 
ysilanc, ictraethoxysilane, and so on, the irialkoxysilanes 
such as mdhylirimethoxysilane, methyltricihoxysilaoe, eth- 
yltrimethoxysilanc, eihylirieihoxysilane, and so on, the lila- 
nium tetraalkoxide qjompounds, the zirconium leiraalkoxide 
compounds, the aluminum trialkoxide compounds^ and the 
tantalum penualkoxide compounds. 

[0054] Specific examples of the oi^ganic solvent used in 
the above polycondensatioQ of the alkoxysilan^ and metal 
alkoxide, and in dissoluiion of metal salt include alcohols 
such as methanol, cthanol, propanoip buLanolp and so on; 
ketones such as aoctoncp methyl ethyl ketone, and so on; 



aromatic hydrocarbons such as benzene, toluene, xylene, 
and so on; glycol such as ethylene glycol, propylene glycol* 
hexylene glycol, and so onj glycol ethers such as ethyl 
ccUosolve, butyl ocllosolvc, ethyl caibitol, butyl carbitot, 
diethyl ccUosolve, diethyl carbiiol, and so on; N-meihylpyt- 
rolidDnc; and dimcthylformamide; and these can be used 
singly or in mixture of two or more solvents. For the 
purposes of enhancing the long-term storage stability of the 
coating liquid and preventing uneven drying in applying the 
coating liquid onto the substrate, it is preferable to distlQ a 
low-boHing-point alcohol produced as a by-product, afier 
completion of hydrolysis, to increase the boiling point and 
viscosity of the solvent in the coating Liquid. 

[005^ Now, an example of a method of producing the 
transparent substrate for the organic electroluminescence 
device according to the present invention will be described- 
First, tbt aforementioned polycoodensate of the metal 
alkoxide is dissolved in the aforementioned oiganic solvent 
[0 prepart a coating liquid, 

[0056] This coaling hquid is applied onto both sides of the 
rransparenii&ubslrate by a coating method usually employed, 
such as a dip method, a spin coating method, ^ transfer 
printing method, a brush coating method, a roll coating 
method^ a spraying method, or the like. From the viewpoint 
of mass productivity^ it is preferable to employ the dip 
method by which the coating liquid can be smoothly applied 
onto both sides in a single operation and which can readily 
achieve appUcaiion even over a large area. The resultant 
coating fihus, if made from the metal alkoTdde, are dried at 
a temperature of 50 to 80^ C. and thereafter baked at a 
temperature of at least 100* C, preferably 100 to 500*^ C, 
for 0-5 to 1 hour, though the conditions depend on the 
material. This thermal curing can be conducted with use Of 
equipment such as an oven, a hot plate, or the like. 

[0057] Then the transparent substrate provided with the 
coating films is subjected to smoothing, if necessary, by a 
method such as polishing, pressing, application of a trans- 
parent planarizing film, or the like. 

[0058] Although the case of the single-layer films was 
described above, the optical interference filins of multiple 
Layers can be fomicd by repeating the Steps as described 
above. In the case of the optical interference films of 
multiple layeT?, it is a matter of course that the compositions, 
the film thicknesses, and the refractive indices of the respec- 
tive layers constituting the optical intcifcrcncc films may be 
determined independently of each other. 

[0059] The present invention will be cTcplaincd below in 
further detail with examples, and these should be considered 
merely as illustrative but not restrictive on the present 
invention. 

EXAMPLE 1 

[0060] A silica-base sol-gel coating material (trade name 
LR-201A manufactured by NISSAN CHEMICAL INDUS- 
TRIES, LTD.) was applied onto both sides of a glass 
substrate by the dip niethod so as to form a film in a 
thickness of lOi^ nm on each side. This substrate was heated 
to bakp ai 510' C. in an oven for 30 miaules. The substrate 
was taken out fifom the oven and the riefi"aclivc index of the 
coating fikns was measured and found to be 1.26. Further- 
more, the reflectance of thia substrate for light at the 
wavelength of 550 nn3 was measured and found lo be 2%. 
Since the reflectance of a glass substrate obtained without 
the present treatment was 4%, it was confirmed that the 
reHectance was decreased by the present treatment. 
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EXAMPLE 2 

[0061] (Silica plu$ iaoi^anic oxide)-ba5c sol-gel coatiog 
materials (trade names H-TOOQ, H-lOOO, and LR-202 manu- 
faciured by NISSAN CHEMICAL INDUSTRIESp LTD.) 
wort Uminated on both adcsof the glass substraic by the dip 
method SD as to form films in a thickness of 103 mn. This 
subslralc heated eo bake at 510'' C, id the oven for 30 
minutes. The aubsiraw was lakeD out from the oven and the 
reflectance of the substrate for light at the wayciengih of 550 
nm was measured and found to be 0.3%. Since the reflec- 
tance of ihe glass substrate obtained wiihoui this treatment 
was 4%, it was confirmed that the leflecUnce was decreased 
by this trealmenl. 

EXAMPLE ■^ 

[0062] Organic electroluminescence devices were formed 
using the iraQspaieDl substrates with the optical interference 
layers obtained by above Examples 1 and 2, and the trans- 
parent substrate without the optical interference layers as a 
comparative example. An indium-tin oxide (ITO) layer was 
formed as a transparent electrode in the thickness of 100 nm 
by sputtering on one of the optical interfefence layers of 
each transparent substrate. At this lime the sheet icsisiance 
was 20 Q/cm^r 

[0063] The following layers were successively formed on 
[he surface of the iraoaparcnt electrode: a hole-transporting 
layer in a thickness of 70 nm of an oligo aniline derivative 
described in Japanese Patent Application No. 2000-341775 
previously filed by the present applicant (one obtsioed by 
dissolving an aniline pentamer in DMF and doping it with 
3-fo!d mol equivalent of 5-sulfosalicyhc acid); a light- 
emitting layer in a thickness of 50 nm of NpN''bis(l- 
naphlhyl)-N,N'-diphenyl-l,l'-bisphenyl-4,4'-diamine 
(a-NPD); and an electron-iransportinB layer in a thickness 
of 50 nm of tris(S-hydroxyquiQo!ine)alumimma (Alqg). Then 
a magnesium-silver alloy was evaporated to form a cathode. 
In this case the thickness of the cathode was 200 nm. 

[0064] A voltage of 10 V was apphed between both 
electrodes of the organic clecurolumincscence devices 
formed in this manner, to measure the quantity of emission 
from the front face of the iraosparcni substrate. The mea- 
sured values of the devices formed with ihe transparent 
subsirates of Examples 1 and 2 were compafed relative to 
lha; of the comparative example defined as 1. 
[0065] As a result, the device of Example I demonstrated 
ihc value of 1.2, and the device of Example 2 the value of 
1.3p and it was confirmed from ihe result that the use of the 
transparent substrate according to the present invention 
significantly increased the luminance of surface emission 
from the organic electroluminescence devices of conven- 
tional structure. 

INDUSTRIAL APPLICABILITY 

[0066] As detailed above, the substrate for the oiganic 
eleciroluminescencc device according to the present inven- 
lioti is excellent in mass productivity, and, by conslructinE 
the device using the substralCp il is feasible to fabricate the 
organic dccirolumincsccnce devi« with improved light 
extraction efficiency to the outside. 

1-9. (Canceled), 

JO. A iraosparcnt substrate for an organic electrolumines- 
cence device, wherein an optical interference film compris- 



ing at least one layer having such a refractive index and a 
film thickness as to reduce a quantity of reflection of light 
emitted from a lighi-emiiling layer is provided on both sides 
of ihe transpareat substrate. 

11. The iraosparenL substraic according lo claim 10, 

wherein the optical interference film has a refractive index 
of from 1.1 to 2-3 and a film thickness of from 10 to 
25,000 nm. 

12. The transparent substrate according to claim 10, 

wherein the optical interference fihn is a multilayer fihn 
comprising a high refracdvc index film and a low 
lefiracdve index film, or a multilayer film comprising 
film$ of diSerent thicknesses. 

13. A transparent substrate for an organic electrolumines- 
cenos device, wherein an optical inicifierence film compris- 
ing at least 0^ layer having such a refractive index and a 
film thickness as to reduce a quantity of reflection of light 
emitted from a light-emittiag layer is provided on both sides 
of the transparent substrate, 

wherein the optical interference film is one obtained by 
applying a sol-gel material of a metal oxide onto the 
transparent substrate and baking the material. 

14. The transparent substrate according to claim 13, 

wherein the optical interference film has a refractive index 
of from 1.1 to 2.3 and a film thickness of from 10 to 
25,000 nm. 

15. The transparem substrate according to claim 13, 

wherein the optical interference film is a multilayer fihn 
comprising a high le&adive index film and a low 
refractive index film, or a multilayer fllm compdaing 
films of different thicknesses. 

16. The transparent substrate according to claim 13, 

wherein the sol-gel material of the metal oxide is one 
tesuldng from polycondcnsaiioo of a metal alkoxidc in 
an organic solveot in the preaeooe of an acidic com- 
pound or a basic compound, 

17. The transparent substrate according to claim 16, 

wherein the metal alkoxide is an alkoxysilane, or a 
totraalkoxide compound of titanium, zirconium, alumi- 
num, or tantalimi. 

18. The transparent substrate according to claim 13, 

wherein the optical interference film is one obtained by 
forming a film of a sol-gel material of a metal oxide on 
both sides of the transparent substrate by a dip method 
and bakipg the film. 

19. The transparent substrate according to claim 10, 

wherein the transparent substrate is a silica glass, a soda 

glass^ or an organic fihn. 
20- The transparent substrate according to claim 13, 

wherein the transparent substrate is a silica glass^ a soda 
glass, or an organic film. 

31. An organic electroluminescence device composing 
the traosparent substrate as defined in claim 10- 

22. An organic electroluminescence device comprising 
the transpaicnl substrate as defined in claim 13. 

* Hi # * 1^ 



